FIGURE 1: Preoperative chest X-ray showing left empyema with chest drain in situ.
Sudden onset of frank pulmonary oedema intraoperatively is a rare and worrying occurrence. We wish to report a case of unilateral pulmonary oedema that occurred during thoracotomy, and discuss the possible mechanisms.
CASE REPORT
A 26-year-old previously healthy black male was admitted to hospital for investigation of left-sided pleuritic chest pain, fever and malaise. He was found to have a left pleural effusion and left lower lobe consolidation. Extensive investigation revealed no cause for the effusion which later became infected, possibly as a complication of pleural aspiration and biopsy. The empyema did not resolve with antibiotics and percutaneous chest drainage and he was therefore scheduled for thoracotomy and decortication of the left lung.
At the preoperative visit the patient was afebrile and generally well, despite the empyema and extensive collapselconsolidation of the left lung ( Figure 1 ).
After induction of anaesthesia, the trachea was intubated with a 41 FG left-sided double-lumen endobronchial tube (Mallinckrodt "Broncho-Cath"). The tube was positioned using the standard sequential clamping technique with inspection of chest expansion and auscultation of breath sounds. This was repeated after positioning the patient on his right side. It was noted that air entry to the consolidated lung was limited to the apex.
Both lungs were ventilated with 33% oxygen in nitrous oxide and enflurane. Paralysis was maintained with atracurium, and continuous monitoring included invasive intra-arterial blood pressure and pulse oximetry. Arterial blood gases after twenty minutes' ventilation with 33070 oxygen were pH 7.52, P a C02 4.5 kPa, P a02 16.4 kPa, HCO:3 27.5 mmolll, base excess 5.4, and saturation 99070.
Thoracotomy revealed a collapsed left lower lobe and large volume of pus in the pleural cavity which was evacuated. The left lower lobe partially re-expanded during the decortication, which took the inexperienced surgical registrar almost three hours. During this time, two units of packed blood cells, one litre of gelofusine solution and 500 ml of Hartmann's solution were transfused to replace blood loss, which was estimated to be in excess of 1500 m!. The remainder of the lobe was then re-expanded by manual inflation. Two-lung anaesthesia was maintained throughout, with normal pulse oximetry and haemodynamic parameters.
Thirty minutes after full lung re-expansion there was an abrupt decrease in arterial saturation (S p 02) from 99% to less than 60%. This was accompanied by the appearance of copious pink, frothy pulmonary oedema fluid from the bronchial lumen of the double-lumen /lnunlhes/a and lnrctlsi\'(, Care, ~~()I. 21, .\"u. 3, June, 1993 endobronchial tube, which was readily detected through the clear plastic Mallinckrodt tube. The peak inspired pressure in the anaesthetic circuit increased, and upon manual inflation of the lungs, the left lung (including the left upper lobe) could be expanded adequately (in spite of copious pulmonary oedema), but the right lung could not be inflated. There was no audible bronchospasm. Initially, Sp02 was improved by increasing inspired oxygen concentration, but hypotension ensued and Sp02 decreased again. Deflation of the bronchial cuff was unhelpful, and the patient was immediately re-intubated with a standard single-lumen tracheal tube. Ventilation improved instantly and the flow of pulmonary oedema fluid simultaneously ceased. Immediately after re-intubation arterial blood gas analysis showed pH 7.08, PaC02 6.45 kPa, Pa02 14.5 kPa, HC03 -15 mmolll, base excess -14 (with inspired oxygen fraction of 1.0). The P a02 was further improved by the addition of 5 cm of positive endexpiratory pressure, and the inspired oxygen fraction was reduced to 0.6. Examination of the double-lumen endobronchial tube revealed no obstruction to the tracheal lumen.
The remainder of surgery was completed uneventfully: two further units of blood were transfused to correct the haemoglobin concentration, which had decreased to 8.3 g/dl. The patient was transferred to the Intensive Care Unit, where he was extubated within six hours. He made an excellent recovery, leaving hospital after five days.
DISCUSSION
Unilateral pulmonary oedema is a rare but recognised complication following re-expansion of a collapsed lung. 13 Important factors associated with its development include prolonged lung collapse, the speed of reinflation and application of excessive intrapleural negative pressure. 4 It has also been noted after reinflation by positive pressure 3 ,j and after intubation of the right main bronchus. 6 This last report documented three cases where a tracheal tube was misplaced into the right main bronchus and left-sided pulmonary oedema occurred after correction of the tube position.
In our case, pulmonary oedema of the left lung developed after obstruction to ventilation of the right lung, and to our knowledge this has not been reported previously. We believe that the double-lumen endobronchial tube became displaced distally during the procedure so that the tracheal lumen entered the left main bronchus. Alternatively, since we were using a left-sided double-lumen endobronchial tube it is possible that the tracheal lumen may have become obstructed against the dependent wall of the trachea.
AnaeSlhesia and Infensire Care, Vol. 21, .Vo. 3, June, 1993 We consider this less likely, however, in view of our difficulty inflating the right lung manually.
Although tube displacement would account for arterial desaturation, it does not necessarily account for pulmonary oedema. Circulatory overload seems unlikely; the hypotension and metabolic acidosis suggesting under-replacement of blood loss. It is possible that obstruction to the right lung resulted in hypoxic pulmonary vasoconstriction and diversion of blood flow to the left lung, leading to an increase in the pulmonary capillary hydrostatic pressure. Furthermore, the left lung had suffered long-standing collapse and prolonged surgical manipulation, possibly altering capillary permeability and therefore being prone to pulmonary oedema. The rapid resolution of the pulmonary oedema following normal ventilation of the right lung suggests that hypoxic pulmonary vasoconstriction played a major role. Double-lumen endobronchial tube misplacement is common even when clinical criteria suggest satisfactory positioning. 7 In one study, the bronchial limb of the tube was advanced too far beyond the carina in 26070 of patients. 8 Examination of the Mallinckrodt leftsided double-lumen tube reveals that it would need much less distal displacement than a Robertshaw left double-lumen tube before the orifice of the right (tracheal) lumen enters the left main bronchus ( Figure  2 ). Interestingly, the patient's left upper lobe did not become obstructed as would be predicted if the tube was too far down the left main bronchus. The length of the left main bronchus was not measured, but it could conceivably have been 70 mm {which is the distance between the tips of the lumens of the doublelumen endobronchial tube, although in a study of 166 patients, cadavers and lung casts the maximum length was 68 mm. 9 We can also speculate that if a Robertshaw tube had been used and had become displaced distally, its greater inter-orifice distance would result in a greater likelihood of left upper lobe obstruction occurring before the tracheal lumen orifice disappeared into the left main bronchus. This might have alerted us to the impending problem.
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The complication seen in our patient may have been avoided if we had used a right-sided double-lumen endobronchial tube but this is usually associated with more problems in accurate placement. 9 Several authors have recommended fibreoptic bronchoscopy through the tracheal lumen to confirm the position of the double-lumen tube. ',9 This may have been useful in our patient at induction but we suspect that the tube became displaced during the course of the operation.
In summary, we present a case in which doublelumen endobronchial tube displacement during twolung ventilation occluded the gas flow to the right lung and resulted in frank left unilateral pulmonary oedema. The onset was sudden, with rapid arterial oxygen desaturation; pulmonary oedema resolved immediately after replacement of the double-lumen endobronchial tube with a single-lumen endotracheal tube. We propose that the displacement resulted in right lung hypoxic pulmonary vasoconstriction which diverted blood to the abnormal left lung, causing left-sided pulmonary oedema. We suggest that the different distances between the lumen orifices in Mallinckrodt and Robertshaw tubes would make the former more prone to displacement during thoracotomy. The practice of cardiothoracic surgery and anaesthesia has become an area where technology has progressed rapidly, and this is especially so in the field of cardiac transplantation. The concept of bridging patients with end stage dilated cardiomyopathy to transplant with mechanical ventricular assist devices (VADs) has moved from futuristic thought to practicality. In the area of intra-operative monitoring, two-dimensional transoesophageal echocardiography (TOE) presents a new noninvasive approach to moni- to ring many aspects of cardiac function, It also enables excellent visualisation of intracardiac structures, A case is described where these new technologies were critical in the management of a patient with end stage cardiac failure,
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CASE REPORT
A 16-year-old, 60 kg male student was referred to our unit for consideration of cardiac transplantation. He had a two-month history of deteriorating exercise tolerance, and was found to have endstage idiopathic dilated cardiomyopathy, with a left ventricle (LV) ejection fraction of 7ff!o despite optimal medical therapy, At that time pulmonary artery catheterisation showed a cardiac index (Cl) of 1.85 l.min I.m -2, normal pulmonary vascular resistance and trans-
